Introduction
Communication is important, especially between medical staff and patients. Empathy, which is an essential component of this relationship, refers to people's understanding of each other's positions, feelings, and emotions during interpersonal communication. People who have high empathy levels can imagine themselves in the position of other people and genuinely understand other people after listening to their narrative. the staff can respond to the patients' suffering with empathy and then act on the patients' narrative. 3 If health care provider listens to many patients, then he/she can use their stories to prevent illness by praising positive behaviors.
The focus of medical personnel is caring for sick people. For the patients, being ill is not only a physical event, but it also brings multiple traumas, including traumas of the body, the psyche, the social dimension, and the spiritual dimension. Therefore, patients would benefit from receiving more understanding and comfort. Published reports show that the empathy between doctors and patients in clinical activities can help to improve the doctors' occupational well-being as well as patients' satisfaction, compliance, and therapeutic outcome. [4] [5] [6] Empathy is also very important for establishing good doctor-patient communication. 7 Therefore, empathy education starts in medical school. The American Association of Medical Colleges (AAMC) requires all medical schools to offer empathy training courses. 8 For oncology nurses, empathy is even more important. Medicine for cancer treatment in China is limited, and many cancer patients cannot be cured. Therefore, patients suffer from more physical and psychological distress. The medical staff's mission is to provide not only technical intervention but also spiritual salvation. In the daily work of oncology nurses, they provide care and health education for patients. Also, they usually answer patients' questions. They spend more time with each patient than the doctors. Oncology nurses who are full of empathy can give patients more spiritual care, provide warm companionship, and alleviate their anxiety, thereby enhancing the patient's quality of life. Recently, empathy has received more attention in oncology. Relationships have been reported between empathy and hematology oncologist' self-ascribed sense of meaning, psychological adjustment, and cancer patients' anxiety. [9] [10] [11] Additionally, empathy plays a vital role in patients' participation in radiation therapy safety. 12 The immune system is an important functional system of the body, which bears the functions of immune defense, immune surveillance, and immune stabilization. Malignant tumor growth is often related to immunosuppression, leading to suppression of immune responses in individuals. Thus, the immune function of a human body is highly affected by the occurrence and development of tumors. The cells that play a major role in cellular immunity include T cells, natural killer (NK) cells, and macrophages. The main function of macrophages is to kill cell fragments and pathogens and activate lymphocytes or other immune cells to respond to pathogens. Specific immune responses mediated by T cells play an important role in controlling the growth of immunological tumor cells. 13 Further, NK cells can recognize and kill tumor cells efficiently. 14 For cancer patients, it is critical to improve immune function, especially after surgery. 15, 16 Therefore, it is critical to closely monitor their T cells and NK cells. Based on previous studies in psychoneuroimmunology, patients' mental health affects their immune function. 17 Therefore, here we tried to explore a new method to improve the immune function by improving the patient's mental health through nurses' empathy.
To the best of our knowledge, although there are some studies reporting the role of physician or nurse empathy in taking care of the patients and several studies concerning psychoneuroimmunology, most of these studies have been conducted in developed countries. At present, there is no research on the relationship between medical staff's empathy and patients' immunity. Besides, it is important to conduct the study in China because of the following reasons. First, China is the most populous country in the world and is the largest developing country with increasing international influence. However, there are few studies on clinical medical humanities in China. Such research may benefit more patients and will be used for reference to other developing countries. Second, the health care system in China is different. Although China's medical reform is continuing to push forward, people are always facing the problem of difficult and expensive medical treatment. If the patient is suffering from cancer, many medical expenses are outside the medical insurance coverage. Chinese cancer patients often face greater psychological and economic pressure. Therefore, they need more emotional comfort from nurses. Third, in developing countries, medical humanities education, such as empathy education, is lacking. The importance of medical humanities and doctor-patient communication has not yet been fully understood. Thus, owing to the imperfect development of patient care systems in developing countries, this exploratory research is necessary in such countries. In light of this situation, we conducted this study. As an evidence-based clinical medical humanities research, this study helps to diversify the sample of clinical empathy research, and sets up a bridge between clinical empathy research and psychoneuroimmunology.
The aim of this study was to study the effect of oncology nurses' empathy on cellular immunity of lung cancer patients in China. Researchers designed this study to test the following hypothesis: lung cancer patients whose nurses had high empathy scores would have better immunity than patients whose nurses had low empathy scores. 
Materials and methods Participants
The participants were 365 lung cancer patients who were treated between October 2016 and May 2017 and who were cared for by one of the 30 oncology nurses in a cancer hospital in Liaoning Province in China. The patients met the predetermined criteria for eligibility: 1) each patient was diagnosed with lung cancer and had no distant metastasis; 2) each patient was hospitalized and stayed in the hospital for 7-10 days for their operation; 3) each patient knew their diagnosis and were able to provide informed consent and complete all questionnaires with full awareness of their cancer diagnosis; 4) each patient had at least two conversations with her nurse, focusing on the disease, health education, and psychological status. Exclusion criteria were as follows: 1) intake of alcohol or drugs that affect immune function; 2) diagnosis with small-cell lung cancer or metastases as ectopic hormone secretion may impact immune function; and 3) patients who were severely malnourished. Patients who fit the inclusion criteria were selected.
The patients in this study were taken care of by 30 primary oncology nurses. A primary nurse is responsible for the daily care and health education of her patients. Also, primary nurses give comfort to their patients when they are depressed. During the period of hospitalization, the primary nurses undertake the main nursing work of the patients they oversee.
ethical approval
Participants were assured that there was no risk from participating in the research, and their data would be treated confidentially. All participating patients provided written informed consent. The Wuhan University School of Medicine Ethics Committee approved the study (No 20160928).
Procedures
A correlational study design was used in this research and it followed the following steps. 1) Thirty nurses' empathy scores were measured. To make statistical results more intuitive, according to the empathy score, they were divided into high-, moderate-, and low-score group, with each group comprising
Lung cancer patients' cellular immunity
To control for diurnal variation, peripheral venous blood samples were collected between 9 am and 10 am before the questionnaires were filled. Patients' cellular immunity tests were completed by the professional staff working at the clinical laboratory at Anshan Cancer Hospital. They evaluated T-cell subsets including the percentage of total T cells (CD3+), helper T cells (CD4+), cytotoxic T cells (CD8+), NK cells (CD56+), and B cells (CD19+). Flow cytometry was used to assess T-and NK-cell counts with a Cytomics™ FC500 series instrument from Beckman Coulter (Brea, CA, USA). Reagents from BD Bio-Engineering Co., Ltd were used. Cells were fixed in 3% formaldehyde in an isotonic azide-free solution (Beckman Coulter). Labeled antibodies were added at the recommended concentrations and then cells were washed. Cells were cultured in dark, and then excess antibodies were washed out.
Oncology nurses' empathy
The Chinese version of Jefferson Scale of Empathy (JSE) was used to measure individual differences in empathy of the oncology nurses when the research started. The scale was first constructed in 2001 at Jefferson Medical College to assess empathy in the context of patient care and for medical education. 18 Although many scales have been used to measure empathetic abilities, JSE focuses on empathy between medical staff and patients. When measuring doctors, nurses, or medical students' empathy and patients' experiences, concerns, and perspectives, the ability to talk about this understanding 
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Yang et al and a will to help patients is included. 19, 20 There are 20 items answered on a 7-point Likert scale. Each response is converted to a numerical score ranging from 1 to 7: 1 indicates "Strongly Disagree" and 7 indicates "Strongly Agree". 21 Therefore, scores on the JSE range from 20 to 140, with higher scores indicating stronger empathy levels. There is widespread support for the JSE in many countries, and it has good reliability and validity. 22 In this study, we used the Chinese version of the JSE to measure oncology nurses' empathy. This scale has satisfactory reliability and validity when applied in clinical studies, and it has been widely used in China. 23 
statistical analyses
We used the mean and inter-quartile range to describe the concentration and dispersion of nurses' empathy scores. Empathy among nurses in different groups was compared with the Kruskal-Wallis rank sum test. We used single factor analysis of variance to compare the immune indexes of patients in different nurse groups. We used Spearman correlation analysis to explore the correlations between patients' immune indexes and nurses' empathy. We used multiple linear regression to examine the possible confounding effects of patients' sociodemographic information, disease condition, and lifestyle factors on the relationships between nurses' empathy scores and patients' immune indexes. A dummy variable was used when analyzing independent variables. In this study, alpha=0.05 and the tests were two-tailed. We used SPSS version 19.0 for Windows to carry out the processing and analysis of the previously mentioned data.
Results sample
In this study, all the selected nurses agreed to participate. They were females with a median age of 30.13±5.11 years. Four hundred twelve patients received our invitation, but 47 patients refused to participate; 365 patients took part in the research with a participation rate of 88.59%. The average age was 55.64±9.35 years. Two hundred ninety-one (79.7%) patients were male and 74 (20.3%) were female. With regard to marital status, 327 (89.6%) patients were married and 38 (10.4%) patients were single or divorced. Concerning educational background, 53 (14.5%) patients received primary education or had no formal schooling, 113 (31.0%) patients graduated from junior middle school, 119 (32.6%) graduated from senior middle school, and 80 (21.9%) patients had college educational background or above. With regard to monthly family income per capita, 22 (6%) patients' income was less than 3000 yuan, 320 (87.7%) patients' income was between 3000 yuan and 5000 yuan, and 23 (6.3%) patients were paid more than 5000 yuan. 
Nurses' empathy scores
Empathy scores of the three groups of high-, moderate-, and low-scoring nurses are presented in Table 1 . Because nurses' empathy scores did not coincide with normal distribution, the Kruskal-Wallis test was used to compare empathy scores between the three groups of nurses. The differences of the mean empathy scores for the three groups of nurses were statistically significant (c 2 =323.771, P<0.001, high scorers > moderate scorers > low scorers).
Patients' immune indexes by levels of nurses' empathy
The immune indexes by levels of nurses' empathy are given in Table 2 . Because the five immune indexes showed normal distribution, single factor analysis of variance was used to compare the patients' immune indexes among different nurse groups. It showed that on admission, there was no statistical difference in the cellular immunity of the patients taken care of by the three groups of nurses (P>0.05), while at discharge, the percentage of B cells was significantly higher in the patients of nurses with high and moderate empathy scores than in the patients of nurses with low scores (F=14.526, P<0.001). Similar with this finding, the percentage of NK cells was significantly higher in the patients of nurses with high empathy scores than in the patients of nurses with low scores (F=282.292, P<0.001).
The correlations between patients' immune indexes and nurses' empathy
The correlations between patients' immune indexes and nurses' empathy are given in Table 3 . Nurses' empathy scores 
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Nurses' empathy affects patients' immunity were in positive correlation to patients' B-cell percentage (P=0.003) and NK-cell percentage significantly (P<0.001).
Regression analyses of factors that affect patients' immune indexes
Multiple linear regression was used to examine the unique effect of nurses' empathy on patients' immune indexes after controlling for patients' demographic and clinical characteristics. When controlling for other variables, a one-point increase on the primary nurse's empathy score led the patient's B-cell percentage to increase by 0.025 points (P=0.01). Also, a one-point increase on the primary nurse's empathy score led the patient's NK-cell percentage to increase by 0.242 points (P<0.001). This finding showed that the nurses' empathy was significantly associated with the patients' B-cell percentage and NK-cell percentage. The results of the regression analysis are summarized in Table 4 .
Discussion
This research confirmed that patients whose oncology nurses had high empathy scores had more percentage of B cells and NK cells. The effect of nurses' empathy on their patients' cellular immunity was the emphasis of this research. We found close associations between nurses' empathy and lung cancer patients' cellular immunity. Previous studies found that medical staff/clinican's empathy was related to patient's outcomes, including increasing satisfaction and psychological well-being, 24 reducing patients' anxiety before a bronchoscopy, 25 reducing distress, 26 and improving self-efficacy of patients with HIV. 27 Empathy also has an impact on the patients' physiological parameters. For example, Hojat et al confirmed physicians' empathy was associated with diabetic patients' hemoglobin A1c and LDL-C, and Canale et al found empathy helps diabetic patients reduce incidence of acute metabolic complications. 28, 29 Mack et al reported cancer patients showed better functional status if they felt more empathy from oncologists. 30 Through Smith et al's intervention study, it was confirmed that doctor-patient empathy and communication quality was related to breast cancer patients' pain management. 31 This study provided new knowledge in the field of psychosocial oncology by revealing that nurses' empathy and patients' immunity are related. This is because the empathy of nurses affects the patients' immune system by influencing their psychology. Many cancer patients suffer from negative emotions such as anxiety, depression, and psychological distress caused by various reasons. [32] [33] [34] These negative emotions are activated by the hypothalamic-pituitary-adrenal axis and the autonomic nervous system, which in turn leads to the secretion of large amounts of adrenal glucocorticoids and catecholamines. These substances lead to immune-reduced surveillance. 35 When it comes to the impact of nurses' empathy on patients' psychology, several factors must be taken into consideration. First, regarding empathy, patients can feel devotion and support. With adequate communication, patients trust staff more and have better self-management 
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Yang et al Table 4 Multivariate regression analysis of factors affecting patients' immunity 
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Nurses' empathy affects patients' immunity and treatment compliance. 36 Additionally, medical providers can better explore patients' symptoms and needs as well as provide a better diagnosis and individualized treatment regimens, which are good for patients' bodies and mental health. 37 Second, empathy is the process of medical staff listening to and understanding the patient narrative. Patients reveal their concerns and worries when telling their stories and experiences. 38 Having the ability to empathize helps staff identify patients' concerns quickly. Then, the staff can support and comfort the patients better and provide proper individual health education and psychological intervention. These actions will improve patients' mental health. More importantly, telling the story to their doctors and nurse also relieves psychological distress and releases pressure. Third, if the nurse has high empathy level, in the nurse-patient communication, the patient's view of life and death, suffering, and health care can be reshaped. So, they will be more openminded on their illness. Also, the nurses can help patients understand medicine, know the limitations of medicine, and then have a more rational expectation of their treatment, which is good for their mental health. Fourth, empathy promotes patient-centered care. 39 In the narrative of the patient, the doctor takes the patient as the center, and the patient perceives the clinician as a helping member of a social support system so that the patient's psychological burden is lighter. 40 Further, empathy is the basis for shared decision-making. In shared decision-making, patients think that their feelings and suggestions receive more attention, which encourages them and makes them feel more dignified. In empathy and shared decision-making, patients take an active role in caring for their own health. 41, 42 Since empathy affects the patients' psychology and view in these areas, and psychology affects immunity, this study provided a preliminary conclusion in the relationship between oncology primary nurses' empathy and lung cancer patients' immunity.
Another finding of this study was that the empathetic ability of Chinese nurses was lower than that reported in literature for other countries. This is because nurses' function in China is somewhat different from the ones in other developed countries. In China, nurses often are overworked and have a lot of psychological pressure. Although based on relevant regulations, the proportion of beds to nurses in a general hospital should not be less than 1:0.4, and nurses have to take care of more number of patients. Further, their division of labor is not clear. Considering that they are already overworked, they lack the time to communicate with patients. Because the workload is huge, they focus on physical therapy rather than psychological, social, and spiritual care. On the contrary, in the USA or other developed countries, nurse function is multivariate. They provide physical, psychosocial, and spiritual support for patients; they participate in their patient's health education and communicate well with them. They even spend time with their patients, just to accompany them. These are great benefits to patients.
Since empathy has a positive impact on patients' outcome, psychological and social needs have been met. This finding suggests that empathy should constitute an important part of medical personnel's competency and can be enhanced through training. 43, 44 Narrative medicine education and other educational interventions are advised to carry out in order to improve medical professionals' empathy abilities.
Also, these findings have implications for clinical practice. Oncology nurses should improve their ability to empathize. Additionally, our findings suggest that narrative medicine based on empathy may have beneficial effects; this hypothesis should be tested in future research. The medical staff in oncology should listen to patients' personalized narratives and show empathy toward them, especially when doing health education. In this way, patients can get more humane care and treatment. 45 However, there are limitations of our present study. First, there are many factors affecting the patients' cellular immunity, including disease progression, individual constitution, sport, diet, and other factors. In the present study, we incorporated limited factors. Clearly, it is difficult and unpractical to control for all these factors in a study. We can only control a certain number of the factors. Second, in the selection of the object, the sample size was small because participants were sampled from only one hospital. Third, this was a crosssectional study that only reflected nurses' empathy level and patients' cellular immunity at a single timepoint. Therefore, it has a certain contingency; long-term intervention studies and cohort studies need to be conducted in the future.
Conclusion
In summary, this study showed that oncology nurses' empathy was an important factor for the cellular immunity of lung cancer patients. The nurses' empathy helped patients to have better immunity. Empathy education, such as narrative medicine, needs to strengthen in order to improve patients' outcome.
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